In this study, an artificial neural network model was established by using experimental measurement values obtained from a low-speed subsonic wind tunnel, with the length of 75 cm and experiment test section of 32×32 cm 
Introduction
Although there have been intensive experimental and computational studies on the structure of jet flows, the studies about inner grooved jet flows are new. This study is the contunuation of the work done by Inan and Sisman, where inner grooved circular pipe flows were studied experimentally and numerically [1] .
Many researchers have used ANN method in their studies. Chawla et al. [2] have carried out the design and testing of power plant and power control systems by using ANN. Gulez et al. [3] have protected electrical and electronic equipment from excessive current by using ANN. Sarikas et al. [4] have diagnosed thyroid gland disease by using fuzzy logic and neural networks. Kesen, Yayla and Yildirim [5] have made an educational simulator. In another study, they have also made an evaluation of a product development performance by using ANN [6] . Dogmus et al. [7] have used ANN in the control of relative humidity. Ekmekci et al. [8] have used ANN circular jet flows and estimated velocity values at non-measured stations. [9] . * e-mail: ainan@marmara.edu.tr In the ANN model, tunnel velocities, length ratios and radial distances were taken as input. Network was constructed and modeling was made using these data. Then the relevant radial velocity distribution was obtained as the output. Using the data obtained from this network, mean velocity values at 7.5 m/s tunnel velocities were predicted. Dimensionless velocity distributions at these intervals are shown in Fig. 1 .
Experimental method
Experimental studies were performed in the subsonic air tunnel designed and constructed by Inan [10] . To obtain a jet flow, a secondary air generator was used, as shown in Fig. 2 [1] . An inner grooved copper tube having length of 1.2 m and inner diameter of 16 mm was used for measurement of the jet. Features of inner grooved tube are given in Fig. 3 and the layout of the experimental set-up is shown in Fig. 2 . 
ANN method
In this study ANN model with multi-layered forward feedback propagation was used [2, 3] . The main reason for using multilayered feed-forward back propagation ANN model [4] is that this is a globally recognized approximation and considering the available data this model is the best in terms of performance among ANN models [11] . ANN is made of layers. In this ANN model, 50 neurons are defined in the hidden layer and one neuron in the exit layer. Tunnel velocity, length, ratio and radial distances are defined as inputs. ANN structure is shown in Fig. 4 . In ANN, learning algorithms are used to instruct the network. In this study adaptive Levenberg Marquardt algorithm of training has been used for its simplicity and high performance rates.
The following scheme shows gradient descent with momentum (Fig. 5a ) used in the training of ANN model, testing and validation data (Fig. 5b) and finally the mean squared error (MSE) (Fig. 5c ) of ANN model. Since the turbulence density of tunnel was between 0.7% and 0.4%, the tunnel was found to be suitable as the experimental chamber [10] . Four measurement stations (x/D = 0.3, x/D = 12.5, x/D = 31.2 and x/D = 50) were defined inside the experimental chamber for jet flow measurements. The measurements were taken vertically from the predetermined points.
In this study, the velocity values given in dimensionless plots at the predetermined intervals were predicted using ANN for the tunnel velocities of 7.5 m/s and 15 m/s. The predicted average velocity values are then given in Fig. 6 as dimensionless plots.
It can be seen from the dimensionless plots, that when the tunnel velocity was 7.5 m/s jet flow retained its structure at the x/D = 0.3 and x/D = 12.5 measurement stations. At the measurement station x/D = 12.5, it was observed that for the measurements deviating from the y axis, the jet structure was lost within the tunnel. At the measurement stations x/D = 31.2 and x/D = 50, the jet flow structure was completely lost within the tunnel. This led to the fluctuations on the plots, which have been caused by the presence of inner grooved pipes. The tunnel flow was then stabilized.
When the tunnel velocity was 15 m/s in the dimensionless graphs, the jet flow structure was completely retained at the x/D = 0.3 and x/D = 12.5 measurement stations. But just after the measurement station x/D = 31.2, the jet flow structure started to loss and this loss continued at the x/D = 50 measurement station. In the end jet flow was replaced by tunnel flow. It was observed that the turbulence has formed for axially measured velocities at x/D = 31.2 and at x/D = 50 stations.
When the ratio between tunnel velocity and jet velocity become higher, the jet flow structure was lost in a short time. On the other hand, when the ratio between tunnel velocity and jet velocity become smaller, jet flow structure has retained partly. From the comparison of both graphics (ANN and experimental) for the minimum and maximum values, it was found that core, transition and turbulence regions were present in both investigations. It was observed that predictions obtained by ANN were in agreement with experimental data.
